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ZHU Haoyang'?, LI Hongyu'*, WANG Xiaolei'*, JIANG Ting'*, SUN Lin', LUO Yi'*"

1 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China
2 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190, China

Abstract: Pinus tabuliformis is an important afforestation tree species on the Loess Plateau. Accurate estimation of its
canopy stomatal conductance and transpiration is of great significance for regional water balance and sustainable forest
management. Previous studies have simulated the daily variation of the transpiration of Pinus tabuliformis based on the
response of its stomatal conductance to environmental factors, but the influence of soil moisture has not been considered.
Soil moisture is one of the most important factors that limit plant transpiration in this region. Considering the response of
stomatal conductance to soil moisture is crucial for modeling transpiration. To estimate the transpiration of Pinus
tabulaeformis, the trunk sap flow velocity was measured by the thermal dissipation probes ( TDP) method from 2015 to
2018. The meteorological factors and soil moisture were also monitored simultaneously. We analyzed the characteristics and
controlling factors of the mean canopy stomatal conductance (g,) and transpiration (7r) of Pinus tabuliformis on the Loess
Plateau. Then the Penman—Monteith formula and Jarvis-type stomatal conductance model were used to simulate the process

of its g, and Tr. The results showed that: (1) The daily variation of g, and Tr displayed a unimodal curve. The average daily
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transpiration rate of Pinus tabuliformis was (1.25+0.57) mm/d, and the mean annual total water consumption in the
growing season ( April to October) was 195.47 mm. (2) Solar radiation (Rad) was the main driving factor of the diurnal
variation of g (the partial correlation coefficient was 0.65) , while the driving effect was weakened when the Rad was higher
than 300 W/m’. Vapor pressure deficit (VPD) was the main controlling factor of g_ diurnal variation ( the partial correlation
coefficient was —0.41) and g, decreased with the increase of VPD. Soil moisture was the main limiting factor of the daily
variation of g (the partial correlation coefficient was —0.46). When the relative extractable water content (REW) of the
root zone was lower than 0.42, g would decrease rapidly with the decrease of soil moisture. (3) Combining the Penman-
Monteith formula and Jarvis-type model could accurately simulate the variation of g, and Tr. The Nash-Sutcliffe efficiency
coefficient (NSE) of hourly g, and Tr simulations were 0.80 and 0.78, respectively, while the NSE of daily 7r simulation
was 0.76. The parameters of the model obtained in this study were consistent with the basic characteristics of drought
tolerance of Pinus tabuliformis, and could provide an important reference for evaluating the canopy stomatal conductance and

transpiration variation of the Pinus tabuliformis on the Loess Plateau.

Key Words: the Loess Plateau; Pinus tabuliformis; Jarvis-type model; mean canopy stomatal conductance; canopy

transpiration
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Table 1 Basic characteristics of sample wood

P Motz SRR R THEIFR
Number Diameter at breast height/cm The thickness of the sapwood/cm Sapwood area/cm?
1 11.5 5.31 73.63
2 13.1 5.56 86.81
3 12.1 5.28 78.52
4 9.8 4.61 60.15
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Table 2 Partial coefficients coefficient between different environmental factors and mean canopy stomatal conductance
W T pNUEE P VI SRVEREE S e Rk & HRIX A A B % 7k %
Environment factors Rad VPD P REW
TEEPSEN  A@N TN ) o Ve
Partial coefficient ( hourly) 0.65 ~0.41 0.08 0.06 0.20
S 2 .
IR B RE) 0.38"" ~0.33" 0.137°" -0.04 0.46**

Partial coefficient ( daily)

Rad: XFH%E 5T Solar radiation s VPD . KR 5 B Vapor pressure deficit; T'; IR Air temperature ; P ; [% & Rainfall sREW R X TIEARCE KR

Relative extractable water; * * P<0.01, * P<0.05
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Fig.1 Diurnal variation of mean canopy stomatal conductance and canopy transpiration of Pinus tabuliformis and environmental factors on

the Loess Plateau between July 26, 2015 and July 30, 2015
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Fig.2 Typical (2016) and multi-year average annual variation of mean canopy stomatal conductance and canopy transpiration of Pinus

tabuliformis and environmental factors on the Loess Plateau
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Table 3 Fitted values of parameters for mean canopy stomatal conductance model

24 SRR A HE 28 SRR EE
Parameters ~ Parameter descriptions Fitted values | Parameters  Parameter descriptions Fitted values
kg AL B R PR 4K 3 2R 8K 298.64 kyvep AL EKIRE 5 B3 R AL 5.29

R, IR B 5 1000.00 REW, ST A R KR 0.30
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Fig.3 The response of hourly mean canopy stomatal conductance to environmental factors
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Fig.6  Sensitivity of canopy stomatal conductance ( kyp,) of
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